To investigate the light absorption efficiency of aerosols, samples of fine particulate matter (PM2.5) were collected during a field experiment in Taipei, Taiwan. Mass concentration and the elemental carbon (EC) content of the PM2.5 samples were measured, and in addition, the light absorption cross-section of the EC in PM2.5 was derived. On average, elemental carbon contributed 8.6±3.5% to the PM2.5 mass. The aerosol light absorption coefficient was linearly proportional to the ambient EC concentration. Consequently, an average specific absorption cross-section of 10.8±2.6m 2 /g was obtained for EC in the aerosols. Analyses of the variations in the absorption cross-section revealed that the cross-section converged towards the average level as the ambient EC concentration increased. The scattering in the low EC regime is proposed to be due to differences in the mixing state: internal mixing enhanced the cross-section, whereas external mixing resulted in a decreasing trend.
Introduction
Radiative forcing by anthropogenic aerosols has been identified as a critical component in the planetary radiation budget. In addition to scattering the solar radiation, aerosols are also known to be a major short-wave absorber in the atmosphere, due to the light-absorbing constituents like elemental carbon (EC) and iron oxides. The absorption of solar radiation can lead to a warming effect similar to that from greenhouse gases, and it might also affect the regional atmospheric stability and result in changes in the hydrologic cycle.
The specific absorption cross-section of the EC in atmospheric aerosols ( EC ) is a key parameter in the calculation of the radiation field for an EC-containing particle. Rosen et al. [1] identified the graphitic structure in the light-absorbing aerosols. However, the values of EC reported in the literature vary over an order of magnitude [2] , and most are larger than that of pure graphite particles. Theoretical calculations have shown that coating the graphite particles with a transparent shell can significantly enhance EC Charles C.-K. Chou*, Wei-Nai Chen, Shih-Yu Chang, Tze-Kuang Chen, and Shu-Hui Huang
Research Center for Environmental Changes, Academia Sinica [3] . This theoretical prediction got support from a recent chamber study [4] . In spite of the theoretical results, there is still a large discrepancy in the EC values obtained in respective field experiments.
Even in the same campaign of SCAR-B, which was conducted in Brazil to characterize the aerosols from specific sources (i.e. biomass burning), the EC values were scattered by nearly a factor of four [5] . Thus, to date, an accurate estimation of the forcing due to aerosol absorption cannot be achieved. [9] showed that EC was mostly internally mixed with sulfate in the North Atlantic aerosols. Martins et al. In this study we propose that the variability of EC was mostly due to the nonhomogeneous mixing state of EC in aerosols. We divided the data points with EC < 2 g/m 3 into two subsets (shown in Figure 2 ).
Experimental

Results and Discussion
Regime-I has EC larger than the average level, whereas regime-II contains the data points of lower EC . It was found that the samples in regime-I have an average EC content (EC/PM2.5) of 6.9±3.4%, which is significantly lower (p<0.05) than the whole average by a factor of 20%. Previous theoretical studies [e.g., Fuller et al, 1999] have shown that the light absorption efficiency of an internallymixed particle can be enhanced significantly by reducing the mass fraction of EC in the particle.
Our field experiment results agree with the theoretical prediction in this context. In contrast, the samples in regime-II had an average EC/PM2.5 ratio of about 9%, consistent with the whole average. Hence the low EC cannot be as a result from a higher EC mass fraction in an internal mixture. Recalling the proportion of EC to PM2.5, the low EC levels corresponded to low PM2.5 concentrations, implying a relatively clean air mass with quite a low number density of aerosol particles. Thus, the collision probability might decrease and, consequently, inhibit the coagulation between EC particles and other The data points in Figure 2 construct a clear picture of EC . The attributes of graphite setup the fixed lower limit for ambient aerosols of externallymixed constituents. This limit is the so-called "external-mixing limit" here. In contrast, it is apparent that the data are also limited by a concave upper boundary. Previous investigators showed that the EC of an internally-mixed aerosol depends upon the micro-physical properties (e.g., size distribution, mixing ratio, etc.). Thus the "internal-mixing limit" can only be showed conceptually in Figure 2 . Note that all the field samples possessed a EC higher than the external-mixing limit, implying that the EC tended to be internally mixed in the atmosphere.
Although the coagulation might be inhibited in the condition of low aerosol concentration, secondary aerosols, particularly the condensable organic matter, could coat the primary EC particles and result in an internal mixture. 
Conclusions
